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0 TWO-PATH HYDROMECHANtCAL TRANSMISSION AND CONTROL METHOD THEREFOR. 



@ This invention relates to a two-path 
hydromechanicai transmission mounted on the cat- 
erpillar vehicle or the like and to a method of control- 
ling the same, in which excellent operabiiity and 
^ straight advancement performance can be obtained 
^ in a low speed zone and a high efficiency of power 
^ transmission is possible even in a high speed zone, 
N using a small-capacity hydraulic pump and hydraulic 
^ motor. For attaining the above effects, the transmis- 
CO sion is composed of: hydraulic pumps (2). (3) dis- 
CO posed independent from each other on the right and 
^ left sides and driven by an engine and hydraulic 
O motors (4), (5) disposed in the same way as above; 

Q. 

UJ 



a power transmission path provided with reduction 
gear trains (100), (159) for transmitting output torque 
from the motors to the driving wheels and planetary 
reduction gear trains (200), (250); and another power 
transmission path provided with a reduction device 
(300) including bevel gears for dividing output torque 
from the engine rightward and leftward and with the 
abovesaid planetary reduction gear trains (200), 
(250) for transmitting output torque to the driving 
wheels on the right and left sides. This apparatus is 
separately controlled for running in the low and high 
speed zones. 
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TECHNICAL FIELD 

The present invention relates to a speed- 
changing/steering system which is used on a ve- 
hicle and which has both linear speed-changing 
and steering functions, as well as to a method of 
controlling such a system. More particularly, the 
present invention is concerned with a 2-path 
hydromechanical transmission system for use in 
crawler-type vehicles and also to a method of con- 
trolling such a transmission system. 

BACKGROUND ART 

Fig. 6 shows a conventional power transmis- 
sion system which is used on crawler-type vehicles 
such as bulldozers and which is capable of per- 
forming both linear speed change and steering. 
This system, known as 2-path hydrostatic transmis- 
sion (referred to as 2-path HST, hereinafter) has, 
for the left and right crawler driving wheels 6, 7, 
hydraulic pumps 2, 3 driven by an engine 1, hy- 
draulic motors 4, 5 and reduction devices 6a, 6b. 

The power transmission system having such a 
2-path HST, however, suffers from the following 
disadvantages due to the fact that all portion of the 
engine output torque is transmitted through the 
HST. 

(1) Power transmission efficiency is low although 
the operability is superior. 

(2) This type of power transmission system is 
difficult to apply to large-size vehicles because 
hydraulic pumps and hydraulic motors capable 
of transmitting large power are not easily avail- 
able or, if available, very expensive. 

(3) Straight running performance of the vehicle 
is affected by efficiencies of the hydraulic 
pumps and motors. 

(4) A complicated control is required for keeping 
the running course of the vehicle when the con- 
trol is to be done through the control of opera- 
tion of the hydraulic pumps and motors. 

Accordingly, an object of the present Invention 
is to provide a 2-path hydromechanical transmis- 
sion (referred to as 2-path HMT, hereinafter) which 
employs an HST incorporating hydraulic pumps 
and motors of small capacities and which exhibit 
high efficiency with simple construction and ease 
of maneuver, as well as a control method for con- 
trolling such a 2-path HMT, thereby overcoming 
the above-described problems of the prior art. 

DISCLOSURE OF THE INVENTION 

To this end, according to the present invention, 
there is provided a 2-path hydromechanical trans- 
mission system, comprising: a power transmission 
line including independent left and right hydraulic 



pumps driven by an engine mounted on a vehicle 
and motors associated with the hydraulic pumps, 
and reduction planetary gear trains having reduc- 
tion gear trains and differential planetary gear de- 

6 vices for transmitting the output torques of the 
hydraulic motors to left and right driving wheels of 
the vehicle: and an additional power transmission 
line including a reduction gear device having a 
bevel gear for distributing the output torque of the 

10 engine and forward and reverse 2nd speed 
clutches to which the output torque of the engine is 
distributed, and the reduction planetary gear trains 
for transmitting the output torques of the reduction 
gear device to the left and right driving wheels. 

15 Left and right drive shafts to which the reduc- 

tion gear trains and the reduction planetary gear 
trains are secured are connected to each other 
through a coupling device having a center clutch. 
When the vehicle trams forward at a low 

20 speed, an engine mounted on the vehicle drives 
left and right hydraulic pumps to actuate hydraulic 
motors the output torques of the hydraulic motors 
being transmitted to left and right driving wheels 
via reduction gear trains and other components, 

25 whereas, when the vehicle runs in the reverse 
direction, the left and right hydraulic motors are 
reversed. 

When the vehicle is steered to the left or right, 
the connection between left and right drive shafts 

30 to which the reduction gear trains and other com- 
ponents are secured is dismissed by disengage- 
ment of a center clutch In the coupling device 
interconnecting the drive shafts, and the operation 
speeds of the left and right hydraulic motors are 

35 made to differ to cause a difference in the rotation 
speed between the left and right driving wheels, 
thereby causing the vehicle to be steered. 

When the vehicle trams forward at a high 
speed, a forward 2nd-speed clutch and the center 

40 clutch are engaged, whereas, when the vehicle 
trams in the reverse direction at a high speed, a 
reverse 2nd-speed clutch and the center clutch are 
engaged, and the output torque of an engine 
mounted on the vehicle Is mechanically transmitted 

45 to planetary carriers of differential planetary gear 
devices through a reduction device including a 
bevel gear which distributes the engine output 
torque and forward/reverse 2nd-speed clutch to 
which the engine output torque is distributed by the 

50 bevel gear, and at the same time, independent left 
and right hydraulic pumps also are driven by the 
engine so as to drive associated hydraulic motors 
the output torques of which are transmitted to sun 
gears of the differential planetary gear devices via 

55 reduction gear trains, so that the driving power 
transmitted mechanically and the driving power 
transmitted hydraulically are added together at the 
differential planetary gear devices, whereby the 
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sums of the mechanically transmitted power and 
hydraulically transmitted power are transmitted to 
the left and right driving wheels. 

Furthermore, according to the method of the 
invention, the tramming speed of the vehicle Is s 
controlled by increasing and decreasing rotation 
speeds of hydraulic motors driven by an engine 
mounted on the vehicle when the tramming speed 
IS low. whereas, when the vehicle is accelerated 
during tramming at a high speed, a control is io 
conducted such that the rotation speeds of the 
hydraulic motors is progressively decreased to 
zero and then the hydraulic motors are reversed 
and increase their rotation speeds in the reverse 
direction. 

Thus, according to the invention, different 
modes of transmission of engine output torque to 
the driving wheels are selectively used according 
to the tramming speed: namely.a low-speed mode 
in which the engine output torque is transmitted to 20 
the dnving wheels through an HST system, and a 
high-speed region in which the engine output 
torque is transmitted to the driving wheels both 
through the HST system and an HMT system 
which transmits the torque mechanically. In addi- 25 
tion. left and right drive shafts for transmitting the 
torques to the left and right driving wheels are 
connected to each other at the center of the ve- 
hicle, in order to obtain a high level of steadiness 
or course-holding characteristic during straight run- 30 
ning. ft is therefore possible to obtain superior 
maneuverability and high degree of straight course 
steadiness during tramming at low speed, as well 
as high power transmission efficiency at high tram- 
ming speed, by employing hydraulic pumps and 35 
hydraulic motors of reduced capacities. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1, 2 and 3 are Illustrations of the paths of 40 
power transmission in 2-path HMT system em- 
bodying the present invention; 
Fig. 4 is a chart illustrating the relationship be- 
tween rotation speed of hydraulic motor and 
vehicle speed; ^ 
Fig. 5 is a chart illustrating the relationship be- 
tween the vehicle speed and hydraulic pressure* 
and 

Fig, 6 is an illustration of paths of power trans- 
mission In a known 2-path HST system. 50 

THE BEST MODE FOR CARRYING OUT THE IN- 
VENTION 



A detailed description will be given of the 2- 
path HMT system embodying the present inven- 
tion, as well as a method of controlling the same. 
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Refemng to Fig. 1. a 2.path HMT system has 
two power transmission lines: namely, a first power 
transmission line in which output torque of an en- 
gine 1 is transmitted to left and right drive wheels 
6. 7. through independent transmission lines includ- 
ing hydraulic pumps 2. 3. hydraulic motors 4, 5. 
and reduction planetary gear trains 200. 250 includ- 
ing reduction gear trains 100. 150 and differential 
planetary gears 101. 151; and a second power 
transmission line in which the output torque of the 
engine 1 is transmitted to and divided by a reduc- 
tion device 300 having a bevel gear 28 and 
fonrtrard/backward 2-speed clutches 37. 39. the di- 
vided torque being then transmitted to the left and 
right driving wheels 6. 7 through the above-men- 
tioned reduction planetary gear trains 200. 250. 

Referring first to the above-mentioned first 
power transmission line, a left hydraulic pump 2 
and a right hydraulic pump 3 are driven by a left 
PTO driven gear 9 and a right PTO driven gear 10 
which mesh with a PTO drive gear 8 fixed to the 
output shaft of the engine 1. These hydraulic 
pumps 2 and 3 are connected, through hydraulic 
lines, to left and right hydraulic motors 4 and 5 
which respectively drive left and right motor gears 
11 and 12, respectively, 

A left reduction gear train 100 is composed of 
the left motor gear 11 and a left sun gear 14a 
which idles on a left drive shaft 13 and which 
meshes with the left motor gear 11. The left reduc- 
tion planetary gear train 200 includes: a differential 
planetary gear device 101 including a left sun gear 
14 meshing with the left planetary gear 15. the left 
planetary gear 15, a left planet carrier 16 and a left 
ring gear 17; a left final drive gear 18 directly 
connected to the left ring gear 17; and a left final 
dnven gear 19. The reduction gear train 150and the 
reduction planetary gear train 250 for the right 
driving wheel have constructions similar to those 
for the left driving wheel. Namely, the reduction 
gear train 150 for the right driving wheel includes 
the right motor gear 12 and a right sun gear 21a 
which Idles on a right drive shaft 20 and which 
meshes with the right motor gear 12. The reduction 
planetary gear train 250 for the right driving wheel 
includes: a differential planetary gear device 151 
composed of a right sun gear 21 meshing with a 
right planetary gear 22. the right planetary gear 22 
a nght planetary carrier 23 and a right ring gear 24- 
a nght final drive gear 25 directly connected to the 
right ring gear 24; and a right final driven gear 26. 

The second line of power transmission will now 
be described. The output shaft of the engine 1 is 
connected through a propeller shaft 27 to a bevel 
pinion 28 meshing with a bevel gear 29 which Is 
fixed to a bevel shaft 32 together with fonvard 2nd 
(referred to as F2) drive gear 30 and a reverse 2nd 
(referred to as R2) drive gear 31, A forward gear 
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train is composed of the F2 drive gear 30, an idler 
gear 33 meshing with the F2 drive gear 30 and an 
F2 driven gear 34 which idles on the left drive shaft 
13 and meshes with the idle gear 33. A reverse 
gear train is composed of the R2 drive gear 31 and 
an R2 driven gear 35 which idles on the right drive 
shaft 20 and meshes with the R2 drive gear 31 . 

The left drive shaft 13 and the right drive shaft 
20 are coupled to each other through a coupling 
device 400 having a center clutch 36 and other 
parts. 

The F2 driven gear 34. left sun gear 14, R2 
driven gear 35and the right sun gear 21 are re- 
spectively associated with an F2 clutch 37» a left 
1st speed clutch 38, an R2 clutch 39 and a right 
1 st speed clutch 40. 

The operation of the described system is as 
follows. 

When the vehicle trams at a low speed, e.g.. at 

4.2 Km/h or lower speed as viewed in Fig. 5. the 
left 1st speed clutch 38 and the right 1st speed 
clutch 40 are engaged as viewed in Fig. 2, while 
the F2 clutch 37 and the R2 clutch 39 are dis- 
engaged. In this state, the system functions as the 
HST. Consequently, the output power of the engine 
1 is transmitted from the left and right hydraulic 
pumps 2. 3 which are controlled to maintain a 
constant value of the product of the delivery pres- 
sure P and the displacement V to the hydraulic 
motors 4, 5 and further to the left and right sun 
gears 14,21 through the left and right motor gears 
11, 12. In this state, the differential planetary gear 
devices 101 and 151 are in direct-connection state 
so that the rotations of the sun gears are transmit- 
ted to the planet carriers to rotate them at the 
same speed as the sun gears and further to the 
ring gears to rotate them at the same speed as the 
planet carriers, whereby the left and right final drive 
gears 18 and 25 are driven. Consequently, the 
speed of the vehicle is increased in proportion to 
the rotation speed of the motor gears of the hy- 
draulic motors as shown by AB (forward) and AE 
(reverse) in Fig. 4. In order to maintain the course 
of the vehicle running straight, the center clutch 36 
is engaged to equalize the speeds of the left and 
right driving wheels. The power transmission path 
between the propeller shaft 27 and the F2 and R2 
driven gears 34, 35 via the bevel gear 29 only idles 
and does not make any contribution to the trans- 
mission of the power. 

When the vehicle is to be steered to the left or 
right, the center clutch 36 is disengaged to allow 
the left and right drive shafts 13, 20 to rotate 
independently, and the rates of supply of the hy- 
draulic fluid to the left and right hydraulic pumps 

2.3 are suitably varied to cause a change in the 
speed between the hydraulic motors 4 and 5. 
thereby effecting a gentle turn, quick turn or ultra- 
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quick turn of the vehicle, while maximizing the 
traction power of the vehicle during turning. 

For a high-speed forward tramming, e.g., for- 
ward tramming at a speed higher than 4.2 Km/h as 

5 viewed in Fig. 5, the left and right 1st speed 
clutches 38, 40 are disengaged and the center 
clutch 36 and the F2 clutch 37 are engaged as 
viewed in Rg. 3. In this state, the system performs 
the function of HMT so that the output torque of the 

10 engine is transmitted from the propeller shaft 27 to 
the left and right drive shafts 13, 20 through the 
bevel gear 29. F2 drive gear 30, idle gear 33 and 
the F2 driven gear 34. whereby the planet carriers 
16, 23 of the differential planetary gear devices 101 

;5 and 151 are mechanically driven. 

The power transmitted from the left and right 
hydraulic pumps 2, 3 to the motor gears 11, 12 
through the hydraulic motors 4,5 drive the left and 
right sun gears 14. 21 so that the ring gears 17. 24 

20 of the differential planetary gear devices 101. 151 
drive the left and right final drive gears 18. 25 by 
the sum of the mechanical power derived from the 
planet carriers 16, 23 and the hydraulic power 
transmitted through the sun gears 14, 21. When the 

25 vehicle is to be steered to the left or right during 
high-speed tramming, a difference is produced be- 
tween the operation speeds of the left and right 
hydraulic motors 4. 5 by differentiating the rates of 
supply of the hydraulic fluid from the left and right 

30 hydraulic pumps 2. 3. 

For a high-speed reversing of the vehicle, the 
F2 clutch 37 is disengaged and the R2 clutch 39 is 
engaged so that the mechanical power is transmit- 
ted from the bevel gear 29 to the R2 driven gear 

35 35 through the R2 drive gear 31. Operations of 
other parts are the same as those in forward high- 
speed tramming. 

The vehicle speeds at high speed ranges vary 
along the curves BCD (forward) and the curve EFG 

40 (reverse) shown in Fig. 4. Namely, a reduction in 
the operation speed of the hydraulic motors 4. 5 
causes a reduction in the rotation speeds of the 
sun gears 14, 21 but the vehicle speed increases 
because the rotation speeds of the ring gears 17, 

45 24 increase in inverse proportion to the rotation 
speeds of the sun gears 14, 21. The speed of the 
hydraulic motors 4, 5 is null at the point C during 
forward tramming and the hydraulic motors 4, 5 
start to reverse as the point C is exceeded. The 

so speed of the hydraulic motors is then progressively 
increased. During reversing, hydraulic motors 4, 5 
are reversed and the speed of these hydraulic 
motors becomes null at the point F and, thereafter, 
the hydraulic motors 4. 5 start to operate forward 

55 and progressively increase their speed. 

As will be understood from the foregoing de- 
scription, according to the invention, the vehicle is 
driven through HST in the low-speed range in 
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which delicate control is required. It is therefore 
possible to obtain good maneuverability equivalent 
to that of conventional pure HST drive vehicle 
Furthermore, since the left and right output shafts 
are dnven commonly through the coupling device 
a high steadiness or course holding characteristic' 
can be attained without being affected by the effi- 
ciencies of the hydraulic pumps and motors. In 
addition, the control is facilitated because there is 
no need for the control of the displacements of the 
hydraulic pumps and the hydraulic motors. More- 
over, efficiency can be increased by about 10% or 
more as compared with the pure HST type drive 
system in which all the power is transmitted 
through an HST system alone, by virtue of the use 
of the HMT system in which the driving power is 
transmitted both through the HST system and the 
mechanical transmission system in the high-speed 
region where a large driving power is required It Is 
also to be pointed out that the present invention 
enables the capacities of the hydraulic pump and 
the hydraulic motor to be reduced to about half 
those in the known system thanks to the use of 
rotation of the differential planet gear device, thus 
offering an advantage also in the aspect of the 
cost. More particularly, according to the invention 
It IS possible to obtain an inexpensive power trans- 
mission system which can realize a high tramming 
speed of 8.5 Km/h or so at the maximum, by using 
m combination with the mechanical driving system' 
hydraulic pumps and hydraulic motors of capacities 
which can provide.when used in a pure HST driving 
system, only a low tramming speed of 4 Km/h or 
so at the m^imum. 

In the described embodiment of the invention 
each hydraulic pump is connected to the asso- 
ciated hydraulic motor through one hydraulic line It 
will be clear, however, that the hydraulic pump and 
the hydraulic motor are actually connected to form 
an open circuit, semi-open circuit or a closed cir- 
cuit incorporating a change-over valve or a control 
valve to enable the control in the same manner as 
that in known systems. 
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INDUSTRIAL APPLICABILITY 

The 2-path HMT system of the present inven- 
tion, as well as the control method of the same 
can effectively used as a speed-change/steering 
system of crawler-type vehicles. 

Claims 

1. A 2-path hydromechanical transmission sys- 
tem, comprising: a power transmission line in- 
cluding independent left and right hydraulic 
pumps 2. 3 driven by an engine 1 mounted on 
a vehicle and motors 4. 5 associated with said 
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hydraulic pumps, and reduction planetary gear 
trains 200. 250 having reduction gear trains 
100. 150 and differential planetary gear de- 
vices 101. 151 for transmitting the output tor- 
ques of said hydraulic motors to left and right 
dnving wheels 6. 7; and an additional power 
transmission line including a reduction gear 
device 300 having a bevel gear 29 for distribut- 
ing the output torque of said engine 1 and 
forward and reverse 2nd speed clutches 37. 39 
to which the output torque of said engine is 
distnbuted. and said reduction planetary gear 
trains 200. 250 for transmitting the output tor- 
ques of said reduction gear device 300 to said 
left and right driving wheels 6, 7. 

2. A 2-path hydromechanical transmission system 
according to Claim 1. wherein left and right 
drive shafts 13, 20 to which said reduction 
gear trains 100.150 and said reduction plan- 
etary gear trains 200. 250 are secured are 
connected to each other through a coupling 
device 400 having a center clutch 36. 

a A method of controlling a 2-path hydromechan- 
ical transmission system mounted on a ve- 
hicle.characterized in that, when said vehicle 
trams forward at a low speed, an engine 1 
mounted on said vehicle drives left and right 
hydraulic pumps 2. 3 to actuate hydraulic mo- 
tors 4. 5. the output torques of said hydraulic 
motors 4. 5 being transmitted to left and right 
dnving wheels 6. 7 via reduction planetary 
gear trains 200. 250 including reduction gear 
trains 100. 150 and differential planetary gear 
devices 101. 151. whereas, when said vehicle 
runs in the reverse direction, said left and right 
hydraulic motors 4. 5 are reversed. 

. A method of controlling a 2-path hydromechan- 
ical transmission system according to Claim 3 
wherein, when said vehicle is steered to the 
left or right during tramming at a low speed 
the connection between left and right drive 
shafts 13. 20 to which said reduction gear 
trains 100.150 and said reduction planetary 
gear trains 200. 250 are secured is dismissed 
by disengagement of a center clutch 36 in a 
coupling device 400 interconnecting said drive 
shafts, and the operation speeds of the left and 
nght hydraulic motors 4, 5 are made to differ 
to cause a difference in the rotation speed 
between the left and right driving wheels 6. 7 
thereby causing said vehicle to be steered. ' 

A method of controlling a 2-path hydromechan- 
ical transmission system mounted on a ve- 
hicle, characterized In that, when said vehicle 
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trams forward at a high speed, a forward 2nd- 
speed clutch 37 and a center clutch 36 are 
engaged, whereas, when said vehicle trams in 
the reverse direction at a high speed, a re- 
verse 2nd-speed clutch and said center clutch 5 
36 are engaged, and the output torque of an 
engine 1 mounted on said vehicle Is mechani- 
cally transmitted to planetary carriers 1 6, 23 of 
differential planetary gear devices 101, 151 
through a reduction device 300 including a io 
bevel gear 29 which distributes the engine 
output torque and forward/reverse 2ns-speed 
clutch 37, 39 to which the engine output torque 
is distributed by the bevel gear. and. at the 
same time, independent left and right hydraulic 75 
pumps 2, 3 also are driven by said engine 1 so 
as to drive associated hydraulic motors 4, 5 
the output torques of which are transmitted to 
sun gears 14, 21 of said differential planetary 
gear devices 101, 151 via reduction gear trains 20 
100,150, so that the driving power transmitted 
mechanically and the driving power transmitted 
hydraulically are added together at said dif- 
ferential planetary gear devices 101, 151, 
whereby the sums of the mechanically trans- 25 
mitted power and hydraulically transmitted 
power are transmitted to the left and right 
.driving wheels 6, 7. 

6. A method of controlling a 2-path hydromechan- 30 
leal transmission system according to Claim 5, 
wherein, when said vehicle is steered to the 

left or right during tramming at a high speed, 
rotation speeds of said hydraulic motors 4,5 
are made to differ so as to cause a difference 35 
in the rotation speed between said left and 
right driving wheels 6. 7, while said clutches 
36. 37 and 39 are kept in engaging states, 
whereby said vehicle is steered. 

40 

7. A method of controlling a 2-path hydromechan- 
ical transmission system on a vehicle, char- 
acterized in that the tramming speed of said 
vehicle is controlled by increasing and de- 
creasing rotation speeds of hydraulic motors 4, 45 
5 driven by an engine 1 mounted on said 
vehicle when the tramming speed is low, 
whereas, when said vehicle is accelerated dur- 
ing tramming at a high speed, a control is 
conducted such that the rotation speeds of so 
said hydraulic motors is progressively de- 
creased to zero and then said hydraulic motors 

are reversed and increase their rotation speeds 
in the reverse direction, while, when said ve- 
hicle is decelerated during tramming at a high 55 
speed, the direction and speeds of operation of 
said hydraulic motors 4,5 are controlled in a 
manner reverse to those in the acceleration. 
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